Facile Synthesis of AsP 3 +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ General Considerations. All manipulations were performed in a Vacuum Atmospheres model MO-40M glovebox under an inert atmosphere of purified N 2 . All solvents were obtained anhydrous and oxygenfree by bubble degassing (N 2 ) and purification using a Glass Contours Solvent Purification System built by SG Water. Deuterated solvents were purchased from Cambridge Isotope Labs. Benzene-d 6 and toluene-d 8 were degassed and stored over molecular sieves for at least 2 d prior to use. Celite 435 (EM Science) were dried by heating above 200 °C under a dynamic vacuum for at least 24 h prior to use. Cobaltocene was purchased from Strem Chemical Company and was used without further purification. All other reagents were purchased from Aldrich chemical company and were used without further purification. All metal starting materials were synthesized according to reported methods.(S1) All glassware was oven-dried at temperatures greater than 170 °C prior to use. NMR spectra were obtained on Varian Inova 300 or 500 instruments equipped with Oxford Instruments superconducting magnets and referenced to residual C 6 H 5 D ( 1 H = 7.16 ppm, 13 C = 128.06 ppm). 31 P NMR spectra were referenced externally to 85% H 3 PO 4 (0 ppm). Elemental analyses were performed by Midwest Microlab LLC, Indianapolis, IN. For Raman studies, an Invictus solid state laser at 785 nm, manufactured by Kaiser Optics, was routed through fiber optic cables to a Hololab series 5000 Raman Microscope. The sample was placed, in a sealed container, under the objective of the microscope. The Raman scattering was observed via 180° reflectance through the objective of the Raman microscope. Each spectrum was corrected for dark current and cosmic ray interference using the Hololab software.
X-ray Diffraction Studies. Diffraction-quality crystals of [Na·3THF][P 3 Nb(ODipp) 3 ] were grown from hexane/Et 2 O by cooling to −35 °C over the course of several days. Diffraction-quality crystals of Cl 2 Nb(ODipp) 3 (THF) were grown from Et 2 O by cooling at −35 °C over the course of two days. Diffraction-quality crystals of (AsP 3 )Mo(CO) 3 (PiPr 3 ) 2 were grown from toluene by cooling at −35 °C over the course of two days. The crystals were mounted in hydrocarbon oil on a nylon loop. Low-temperature (100 K) data were collected on a Siemens Platform three-circle diffractometer coupled to a Bruker-AXS Smart Apex CCD detector with graphite-monochromated Mo Ká radiation (ë = 0.71073 Å) performing ö and ù scans. A semiempirical absorption correction was applied to the diffraction data using SADABS. (S2) The structures were solved by direct methods using SHELXS(S3) and refined against F 2 on all data by fullmatrix least squares with SHELXL-97.(S4) All non-H atoms were refined anisotropically. All H atoms were included in the models at geometrically calculated positions and refined using a riding model. The isotopic displacement parameters of all H atoms were fixed to 1.2 times the U value of the atoms they are linked to (1.5 times for methyl groups). There were no disorders or non-coordinated solvent molecules present in the structure of [Na] [P 3 Nb(ODipp) 3 ] or Cl 2 Nb(ODipp) 3 (THF), however in the structure of (AsP 3 )Mo(CO) 3 (PiPr 3 ) 2 , As1 and P32 in the tetrahedron were positionally disordered 22% of the time with one another. This disorder were refined within SHELXL with the help of rigid bond restraints as well as similarity restraints on the anisotropic displacement parameters for neighboring atoms and on 1,2-and 1,3-distances throughout the disordered components. The relative occupancies of disordered components were refined freely within SHELXL. Vosko, Wilk, and Nusair (VWN) ,(S7) while the GGA part was handled using the functionals of Becke and Perdew (BP86).(S8-S10) All of the calculations were repeated using the OLYP functionals which are a combination of the OPTX exchange functional of Handy and Cohen used with Lee, Yang, and Parr's nonlocal correlation function (LYP).(S11-S13) In addition, all calculations were carried out using the zero-order regular approximation (ZORA) for relativistic effects.(S14-S16) In all cases, the basis sets were quadruple-ae with four polarization functions (QZ4P) as supplied with ADF. Chemical shielding tensors were calculated for the 31 P nuclei in the optimized structures by the GIAO method using the ADF package.(S17-S20) The functionals, basis sets, and relativistic approximations used were the same as those described above. The isotropic value of the chemical shielding was converted to a chemical shift downfield of 85% phosphoric acid using P 4 as a computational reference; the computed absolute shielding value was correlated with a chemical shift equal to its experimental value in dilute benzene solution (−520 ppm). (S21) 
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Experimental Section: Syntheses and Spectroscopic Characterization Synthesis of [Na•3THF][P 3 Nb(ODipp) 3 ]
Cl 2 Nb(ODipp) 3 (7.19 g, 10.35 mmol, 1 equiv) and P 4 (962 mg, 7.76 mmol, 0.75 equiv) were combined and dissolved in 500 mL of THF. The 0.5% Na/Hg amalgam (5 equiv Na) was prepared in a separate vessel and was allowed to cool while the P 4 was given time to dissolve. After the P 4 had fully dissolved, the Na/Hg amalgam was added and the reaction mixture was stirred for 30 minutes. The reaction mixture was decanted off of the amalgam and was filtered through Celite. The reaction mixture was then taken to dryness. At this point 200 mL of Et 2 O were added and the slurry was stirred for 20 minutes. The resulting mixture was filtered through Celite and the filtrate was reconcentrated to 20 mL and then placed in the freezer to crystallize. An orange colored precipitate formed after 24 h in the freezer at −35 ºC. This material was isolated atop a frit and dried to constant mass yielding 4. SmI 2 (26.56 g of 0.1M solution in THF) was added to a solution of Cl 2 Nb(ODipp) 3 (2.0 g, 2.88 mmol, 1 equiv) in 25 mL of THF. Immediately upon addition the solution assumed a bright yellow color. The reaction mixture was allowed to stir for 20 minutes and the bright yellow SmI 2 Cl which had precipitated during the reaction was then filtered away. An aliquot of the bright yellow filtrate was taken to dryness and the residue was then dissolved in C 6 D 6 and taken for NMR and EPR analysis indicating complete conversion to ClNb(ODipp) 3 (THF). At this time P 4 (268 mg, 2.16 mmol, 0.75 equiv) was added. Following dissolution of the P 4 , CoCp 2 (1.09 g, 5.76 mmol, 2 equiv) was added to the reaction mixture which was then allowed to stir for 3 h. At this time the reaction mixture was concentrated to ½ the original volume and 20 mL of hexane were added. [Na•3THF][P 3 Nb(ODipp) 3 ] (582 mg, 0.608 mmol, 1 equiv) was dissolved in 50 mL of THF. This solution was frozen in the cold well along with a vial containing AsCl 3 (110 mg as a stock solution in toluene, 0.608 mmol, 1 equiv). Upon thawing the AsCl 3 solution was added to the THF solution of [Na•3THF][P 3 Nb(ODipp) 3 ]. The reaction mixture was allowed to stir for 30 minutes. After the reaction time had elapsed the volatile components were removed under reduced pressure. The resulting residue was slurried in 50 mL of toluene, filtered through a plug of Celite, and was again taken to dryness. To this material was added 3 mL of Et 2 O resulting in a bright white precipitate and a bright orange solution. The supernatant was decanted away from the white powder. The white powder was washed with an additional 2 mL of Et 2 O which was removed by pipette. The white powder was taken to dryness resulting in 57 mg of AsP 3 in a first crop. Two additional crops of AsP 3 were collected resulting in a total yield of 77 mg (75% yield). The orange filtrate was recrystallized at −35 ºC from pentane giving 362 mg of Cl 2 Nb(ODipp) 3 (THF), as orange crystals (77% yield). An alternative purification procedure involved sublimation of AsP 3 from the crude reaction mixture following filtration to remove NaCl. In this procedure the solid residue obtained after removal of the solvent was placed in a sublimation apparatus which was placed on the Schlenk line under dynamic vacuum. The sublimation apparatus had a rapid flow of cool water going through its cold finger at all times. The sublimation apparatus was lowered into an oil bath at 40 ºC. The temperature on the oil bath was gradually increased to 105 ºC over the course of 4 h. The sublimation was allowed to take place under dynamic vacuum for the following 12 h. After this time the AsP 3 crystals were harvested in the glove box with a 60% isolated yield. While this yield is slightly lower than purification by crystallization, it ensures isolation of highly pure material and is quite simple to carry out. Yellow (N 2 )[Mo(CO) 3 (PiPr 3 ) 2 ] 2 (142 mg, 0.137 mmol, 1 equiv) was dissolved in toluene (5 mL) forming a green solution. This solution was placed in a thick walled glass reactor and was frozen in the cold well. AsP 3 (45 mg, 0.268 mmol, 2 equiv) was separately dissolved in toluene (5 mL) and this solution was layered atop the frozen solution of (N 2 )[Mo(CO) 3 (PiPr 3 ) 2 ] 2 . The reactor was then returned to the cold well and the AsP 3 solution was frozen. The reaction vessel was removed from the glove box and was placed in a salt water and ice bath at −5 ºC. Upon mixing of the two layers, the green solution assumed a vibrant orange color. The reactor was then placed under reduced pressure to remove the toluene while maintaining the −5 ºC temperature conditions. The reaction mixture took about 5 h to come to dryness. The vessel was returned to the glove box where cold toluene (5 mL at approximately −35 ºC) was used to dissolve the residue. This solution was placed in the glove box freezer to crystallize. After 4 h a significant amount of red-orange precipitate had formed. This precipitate was isolated and washed with diethyl ether resulting in 112 mg of material (63% yield). IR was collected on the solids as a KBr pellet. The NMR shifts reported below were collected at −10 ºC on a toluene solution of the solids making sure to never let the solution get above 0 ºC. THF (2 mL) was placed in a thick walled glass tube with a 14/20 joint and was degassed by the freezepump-thaw method. SbCl 3 (18 mg) and [Na] [P 3 Nb(ODipp) 3 ] (75 mg) were placed in a NMR tube equipped with a 14/20 joint and gas adapter. The tube was then evacuated. The two solids were not allowed to come in contact as it was found that they react upon contact as solids. The vessels were removed from the glove box and the THF tube was attached to the vacuum line and the NMR tube was placed in a liquid nitrogen cooled bath after a spinner for the NMR probe was fit on the tube. At this point the vacuum line was prepared for performing a vacuum transfer and when ready approximately 1.5 mL of THF was transferred to the NMR tube. The NMR tube was flame sealed and brought down to the NMR facility. The NMR probe was cooled to −50 ºC and the temperature was taken with an NMR thermometer (−50.43 ºC). The experimental tube was then put into the probe and spinning was turned on and the probe was tuned to phosphorus while the NMR tube temperature was allowed to equilibrate (~ 10 min). The initial scan of the tube showed only SbP 3 present with all of the starting cyclo-P 3 complex already consumed. A kinetic run was set up to take scans every 2 min for 3.5 h. Over this time period very little change in signal strength was observed. After this time a long scan was taken to get a spectrum with nice signal to noise (shown below). After this time the probe was warmed to −30 ºC (NMR thermometer at −29.87 ºC (taken after experiment)). Upon warming a significant amount of the SbP 3 species decomposed to some insoluble material and over the next 60 minutes at −30 ºC the remaining signal decayed into the baseline. The variable temperature NMR data were collected from −15 ºC to −85 ºC. At −15 ºC the 31 P NMR spectrum shows three broadened features in a 2:1:2 ratio at 58 (PiPr 3 ), −361 (Mo-PP 2 As), and −448 (Mo-PP 2 As) ppm respectively. Upon further cooling to −55 ºC the AsP 3 derived resonances sharpen into a doublet and a triplet with J PP = 218 Hz. At this temperature is also observed the growth in of a proposed coordination isomer assigned as the P-P edge-bound form of complex (AsP Figure S3 . Thermal Ellipsoid Plot of (AsP 3 )Mo(CO) 3 (PiPr 3 ) 2 with 50% probability ellipsoids and the hydrogen atoms omitted for clarity.
Crystallographic Details for Cl 2 Nb(ODipp) 3 (THF).
Empirical formula C40 H59 Cl2 Nb O4 Figure S4 . Thermal Ellipsoid Plot of Cl 2 Nb(ODipp) 3 (THF) with 50% probability ellipsoids and the hydrogen atoms omitted for clarity. Figure S5 . Thermal Ellipsoid Plot of [Na·3THF][P 3 Nb(ODipp) 3 ] with 50% probability ellipsoids and the hydrogen atoms omitted for clarity.
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